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Abstract 

Parametrizations of total cross sections sufficient for all channels of the ttB 
YK reactions are completed using a resonance model. As well as discussing the 
ttN AK reactions, which were not presented in our previous publications, we 
present the differential cross section for vrA^ — > AK. This report also aims at 
presenting supplementary discussions to our previous work. 

One of the main goals of studying heavy ion collisions is to determine the equation 
of state (EOS) of nuclear matter. Because positive kaons (K^) have a long mean free 
path inside the nucleus they are suggested as a good probe for the reactions occurring 
in the central region of the collisions Indeed, theoretical studies show that the kaons 
produced in heavy ion collisions are sensitive to the EOS p|, ^. 

Although one can point out many important ingredients for the theoretical inves- 
tigations of kaon production in heavy ion collisions, the discussions presented here are 
concerned with the elementary kaon production cross sections necessary for microscopic 
calculations. 

One of the purposes of this report is to complete the parametrizations of total cross 
sections sufficient for all channels of the nB YK reactions by a resonance model |]^, ^ 
{B = N,A and F = A, S). The results for the vrA^ AK reactions which were not given 
in our previous publications are given. Furthermore, supplementary disucussions 

to our previous work are presented. 
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The microscopic transport models |^ used for the calculations of kaon production in 
heavy ion collisions contain the following processes as the main collision terms: -B1-B2 
B1B2, NN NNtt, NN ^ NA, nN ^ A. Kaons are produced through the 
B1B2 B^iYK and nB YK reactions. 

For a given impact parameter 6, the Lorentz-invariant differential kaon multiplicity 
in the microscopic calculations is given by 

= i:J[E ^ /-B.B.(v^)j[l-/(r,P,t)]^ 

(1) 

Here the primed and the double-primed quantities are in the center-of-momentum (cm.) 
frames of the two colliding baryons {B1B2) and pion-baryon (nB), respectively, while 
the unprimed quantities are those in the cm. of the two nuclei. (T^*^2(\/"5biS2) 
a^°^{^/s^) are the total cross sections as functions of the respective cm. energies ^/sb^ 
and y/Sj^B- The factor [1 — /(r, p, t)] stands for the Pauli blocking effects for the final 
baryon B^, and VL-^y is the solid angle of the relative momentum between the final baryon 
-B3 and hyperon Y . The Lorentz-invariant double differential kaon production cross 
section is obtained by integrating the kaon multiplicity Eq. (|l]) over the impact parameter 
h multiplied by the factor 2nh. Eq.(|ip shows that the elementary kaon production cross 
sections are directly related to the differential kaon yields. Thus, it is important to use 
correct elementary kaon production cross sections for the microscopic investigations of 
kaon production in heavy ion collisions. 

The elementary kaon production cross sections used for the microscopic calculations 
are usually taken from Randrup and Ko |0 in baryon-baryon collisions. In pion-nwc/eon 
collisions they are usually taken from Cugnon and Lombard [|]. Our interest at the 
moment is with the latter case. In the work of Cugnon and Lombard total cross 
sections are parametrized by introducing an isospin-averaging procedure, and by using 
the limited experimental data assuming proton and neutron number (A^ = Z) symmetry. 
This means that the differential cross sections must be investigated using a more general 
procedure. Furthermore, the reactions vrA — ^ YK cannot be investigated because no 
experimental data are available. One of the motivations for this work is to study both 
the total and differential cross sections tiB YK based on a microscopic model. Below, 
we give a theoretical description of the ttN — * KK reactions which will be our main 
concern later. 

The experimental data show that three resonances A^(1650)(| ), A^(1710)(|^) 
and A^(1720)(|''') make contributions to the vriV — >• KK reactions. In addition, i^'*(892) 
exchange is included as an effective process which also simulates the other heavier K* 
meson effects. The relevant processes are depicted in Fig. 1. The interaction Lagrangians 
used are: 

/:.7Viv{i650) = -(?.iV7V(i650) (iV(165O)riV-0 + iVfiV(165O) -0 ) , (2) 
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C^NN{nio) = -i^.7VJV(mo) (iV(171O)75rAr-0 + iVf75Ar(171O) -0 ) , (3) 

C^NNii720) = ^-^^(^^^°) (iV^(l720)riV ■ d,$+ iVriV^(1720) ■ d,$) , (4) 

CKANiw^o) = -9KAN(i650){Nil650)AK + KAN{lQ50)), (5) 

CxANiino) = -igKANii7io){N{mO)-f,AK + KA-f,N{17m)), (6) 

CKANii720) = ^^^^(1^^°) fm{l720)Ad,K + {d,K)AN^{1720) ) , (7) 

jCK*iS92)AN = -9KHS92)ANiNYAK;{892)+K*^{892)AYN), (8) 

CK'm)Kn = tfK'is92)KJKrK;{892)-dy-{d''K)TK;{892)-^)+h.c.. (9) 
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The amplitudes are given by: MTrOp^AK+ = — -^TrOn-^AA-o = ^A^^+„^A_ft:+ = 75 -^tt 
A^a + -Mb + -A^c + -Md, where the amphtudes A4a, Mb, -Mc and J^d correspond to the 
diagrams (a), (b), (c) and (d), respectively in Fig. 1. 

To carry the calculations further, form factors are introduced which reflect the finite 
size of the hadrons. Those form factors are carried by each vertex. For the meson-baryon- 
(baryon resonance) vertex, the following form factor is used: 

m = Ti^, (10) 

where q is the meson momentum, and Ac is the cut-off parameter. On the other hand, 
for the K*{892)-K-7i vertex, the form factor studied in Ref. is used: 



^i^*(892)K7r(| ^(PK-Pn) \) = C \ ^{Pk " fn) \ CXp (^-p \ ^{PK - Plr) • (H) 

Before discussing the results, the model parameters need to be specified. The cut- 
off parameter Ac appearing in Eq. ([T0|) is Ac = 0.8 GeV for all meson-baryon- (baron 
resonance) vertices. The values obtained for the coupling constants with this cut-off 
value are given in Table 1. The fitted value for gK*{892)AN is gK*{892)AN = 0.45. The other 
parameters C and f3 appearing in Eq. (^) are C = 2.72 fm and (3 = 8.88 x 10~^ fm^ 
obtained in Ref. |0|. 

Here, it is appropriate to discuss i^*(892) exchange. Our calculations were also per- 
formed with the inclusion of the tensor coupling interaction. However, it was found that 
the results show similar dependence on both cm. energy and angle (or cos ^c.m.) to those 
results calculated with the inclusion of the vector coupling interaction alone. Thus, for 
the present purposes it is enough to include only the vector coupling interaction. 

The energy dependence of the total cross sections n'p AK^ is shown in Fig. 2. 
Figures (a) and (b) correspond to cases without and with the inclusion of interference 
terms, respectively. The sign combination among the interference terms in calculation 
(b) is selected in such a way that both total and differential cross sections are reproduced 
simultaneously. Mere inclusion of the single resonance or the K* exchange alone cannot 
reproduce the energy dependence of the total cross section data. 
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Next, the differential cross sections vr^p AK^ are shown in Fig. 3. Figures (a), 
(b) and (c) correspond to the pion beam momenta 0.980 GeV/c, 1.13 GeV/c and 1.455 
GeV/c, respectively. The general trends are reproduced, but the details are not yet 
satisfactory. 

In Fig. 4, we give the energy dependence of the total cross sections vrA^ J^K. In 
Ref. 1^, the A(1920) resonance was treated as an effective resonance which simulates 
other A resonance effects around the mass region 1.9 GeV. The two coupling constants 
fl'i<:sA{i920) and 5'7rArA(i920) were scaled in Ref. 0. The results obtained by using these 
scaled coupling constants are denoted by set 1. A more quantitative discussion of this 
scaling will be made below. 



The experimental data |TJ] show that there are six A resonances which make contri- 
butions to the ttN — >■ TiK reactions around the mass region 1.9 GeV. (See Table 2.) In 
order to understand the scaling factor quantitatively, we compare: 

the contribution of A(1920) to vriV ^ UK 10.4 

^ ' 0.278, 



all As'(masses around 1.9 GeV) contribution to tiN J^K 37.37 



^isA(i920)^^jVA(i920)(from branching ratio) _ / l.ll x 0.417 _ ^ 
\ ^^EA(i920)^^iVA(i920) (scaled) V 3.83 x 1.44 

This comparison shows that the scaling factor (= 1.861) for each coupling constant 
fi'_ft:sA(i920) and 5'7rArA{i920) is consistent with the total branching ratio obtained by sum- 
ming these A resonance contributions. However, because of this effective description, the 
differential cross sections cannot be reproduced well. A more accurate determination of 
the branching ratios for these A resonances is necessary. 

Here, the ttA YK reactions should also be mentioned. The parametrizations and 
figures given in Ref. were obtained by using the lower values of the branching ratios 
for the resonances to decay to vrA. The parametrizations obtained by using the averaged 
values as given in Tables 1 and 2 of Ref. [^] will be given later. The difference between 
the previous parametrizations and those to be given later is that in the latter the change 
in the multiplication factor is large. However, the second term of the parametrization for 
the TT+A'^ TfK^ total cross section remains the same as before. As for the differential 
cross sections ttA YK, they are almost constant as a function of cos6 in the cm. 
frame for the beam energies for which calculations were made. 

Finally, the parametrizations of the total cross sections sufficient for all channels of 
the 7tB YK reactions in units of mb are given by: 



0.1341 



a{n-p AK^ 



0.007665(v^- 1.613) 
(v^- 1.720)2 + 0.007826 ' 

0.03591(yi - 1.688)°-9^^i 0.1594(yi - 1.688)° °i°5*^ 
(v^- 1.890)2 + 0.01548 ^ (^i - 3.000)2 + 0.9412 ■ 



_ ^^-■^+^ _ 0.009803(v^ - 1.688)°-6°2i o.006521(v^ - 1.688)^-^^28 
^^'^ ^ ~ (yi- 1.742)2 + 0.006583 ^ (v^ - 1.940)2 + 0.006248 ^ 
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0.003978(v^- 



0.05014(v/i- 1.688)1-2878 

~ (v^- 1.730)2 + 0.006455' 
1.688)0-5848 o.04709(yi- 1.688)2-1650 



(v^ - 1.740)2 + 0.006670 (v^ - 1.905)2 + 0.006358 
0.009883(v^- 1.613)°-7866 

(v^- 1.720)2 + 0.004852 ' 
0.007448('A/i- 1.688)°-7785 



(v^- 1.725)2 + 0.008147^ 
0.01052(Vi- 1.688)°-8i40 

(v^- 1.725)2 + 0.007713' 
0.003100(v^- 1.688)0-9853 

(v^- 1.725)2 + 0.005414 
0.02629(yi- 1.688)1-2078 
(v^- 1.725)2 + 0.003777' 



+ 



0.3179(v/i- 1.688)0-9025 
(v^ - 2.675)2 + 44.88 ' 



where all the parametrizations given above should be understood to be zero below thresh- 
old. Furthermore, the parametrizations for the vrA — YK reactions are obtained without 
the inclusion of interference terms. The above are the completion of the parametrizations 
for the total cross sections tiB YK. Parametrizations for the other channels can be 
obtained by multiplying the relevant constant factors arising from isospin space J^, §. 

The next task is to investigate the -B1-B2 B^YK reactions by using the same 
resonance model, where most of the model parameters have already been fixed by this 
investigation. This program is now in progress. 

Acknowledgement: One of the authors (K.T.) expresses his thanks to Prof. A.W. 
Thomas and to Drs. A.G. Williams and K. Saito who organized "Quarks, Hadron and 
Nuclei Workshop" held in Adelaide for the opportunity to report the results mentioned 
here. 
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Captions 

Fig. 1: The processes contributing to the t^N —>■ AK reactions. The diagrams 
correspond to (a) : A^(1650) /( J^) = |(|"), (6) : A^(1710) i(i+), (c) : iV(1720) |(|+) 
s-channels and (d) : i^'*(892)-exchange, respectively. 

Fig. 2: The total cross sections tt~p — > AK'^. The experimental data are taken from 
Ref. [jri|. The results are: (a)-without and (b)-with the inclusion of interference terms, 
respectively. 

Fig. 3: The differential cross sections ir^p AK^ in cm. frame, (a), (b) and 
(c) correspond to the pion beam momenta 0.980 GeV/c (y^ = 1.66 GeV), 1.13 GeV/c 
(\/i = 1.742 GeV) and 1.455 GeV/c {^s = 1.908 GeV), respectively. For (a) and (b). 



the experimental data are taken from Ref. [|l^], while for (c) they are taken from Ref. 



Fig. 4: The total sections for the reactions (a): n^p S+f^^, (b): ir^p Ti^K^ and 
(c): TT+n Ti^K~^ and n^n I1~K~^, respectively. The notation set 1 in these figures 
indicates the results obtained by using the scaled values for 5'ii'EA(i920) and 5'7rArA(i92o)- 
For further explanations, see Ref. [0. 
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Table 1: The calculated coupling constants and the experimental branching ratios. 



B* (resonance) 


r/«"(Me\/) 


r^.(%) 


y-KNB* 


Tak{%) 


9kab* 


Ar(1650) 


150 


70.0 


1.41 


7.0 


6.40 xlQ-^ 


A^(1710) 


100 


15.0 


2.57 


15.0 


4.74 xlO+i 


A^(1720) 


150 


15.0 


5.27 xl0~2 


6.5 


3.91 




fK*{892)KTT 




9 k* (892) AN 








6.89 xlO-i 




2.03 xlO^i 








(r=50 MeV, 


Tk^ = 100%) 









Table 2: Contribution of A(1920) to the vrA^ — T^K reactions compared with other 
possible A resonances between 1900 and 1940 MeV [jl4|. The values in column four are 
all upper values. 

A*(resonance) Ttotai{MeV) (r,NA*rKEA*)'/7rtotai {r^^^*Tj^^^,)y'{MeV) 



A(1900) 


200 


< 0.03 


6.00 


A(1905) 


350 


1 0.015 1 


5.25 


A(1910) 


250 


< 0.03 


7.50 


A(1920) 


200 


1 0.052 1 


10.4 


A(1930) 


350 


< 0.015 


5.25 


A(1940) 


198.4 


< 0.015 


2.98 
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